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FAG as a Partner of the Electric Machine and Office Equipment Industries

W. Posl

Since 1980 FAG Kugelfischer has orga-
nized a series of biyearly “Technical Con-
ferences” devoted to areas of application
for rolling bearings. These Technical Con-
ferences provide an opportunity for
addressing the requirements placed on
the rolling bearing industry by customers
and for indicating solutions to individual
problems. These conferences are intended
to serve as a forum for dialogue between
customers from the various areas of
application and experts in the field of
rolling bearings. Attention is devoted on
the one hand to the current state of tech-
nology in respect to the application of
rolling bearings, and on the other to de-
tailed responses to particular areas of cus-
tomer interest. The Conference dedicated
to “Rolling Bearings in Electric Machines
and Office Equipment” on 19 May 1988
in Stuttgart was attended by customers
from 17 European countries.

The Salient Characteristics of the Electric

Machine Industry from the Perspective of
FAG Kugelfischer

The electric machine manufacturing
industry makes intensive use of rolling
bearings. This area of application
accounts for 10% of the worldwide
demand for rolling bearings. Assuming a
total world market for rolling bearings of

approx. 34 billion DM, 3.4 billion DM of

this are constructed for this industry. In
1986 the electric machine industry in
West Germany represented a market of
270 million DM.

The electrical engineering industry is a
growth market. In the Federal Republic
the production value of the entire indus-
try increased by more than 70% in the
period from 1974 to 1986. Using the
VDMA industry code, we have divided
the electrical engineering industry into
six subareas which differ markedly in
respect to the requirements placed on
bearings.

As shown clearly by the table, the
subareas of telecommunications engi-
neering and of measurement and control
instruments registered high rates of
growth in recent years, while the other
areas (motors and generators, power

1: What are the characteristics of the electric machine industry?

Characteristics of the electric machine industry

Growth market
Intensive use of rolling bearings
Pressure from rising costs

Development-intensive

tools, electric motor-driven appliances,
and vehicle electrical systems) failed to
experience growth on the same scale.
Here it should be noted that the overpro-
portional growth market of telecommu-
nications engineering is an especially in-
tensive field of application for radial deep
groove ball bearings.

Market demand is dominated by the
deep groove ball bearing with more than
80%. The needle roller bearing accounts
for 7%, cylindrical roller bearings 3 %,
and angular contact ball bearings a mere
2.5%. An analysis of our turnover in the
Federal Republic by types shows that, in
comparison with the structure of de-
mand, we are underrepresented in the
case of the deep groove ball bearing with

71%, while we have overproportional
shares of other rolling bearing types. The
specific reasons for this will be explained
subsequently.

Rolling bearings for the field of electri-
cal engineering face extreme price pres-
sure. The vast majority of bearing posi-
tions in electrical engineering can be
equipped with radial deep groove ball
bearings. The capacities of the manufac-
turers who produce these radial deep
groove ball bearings at that level of qual-
ity demanded by the electrical engineer-
ing industry are more than sufficient
even in times of peak demand. Certain
subareas are characterized by overcapac-
ity even under the most favorable condi-
tions.

2: Electrical engineering production values according to subareas
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3: Percentages of types in overall industry

and in FAG turnover

Percentages

Overall industry

S Remainder 49

. Needle roller
bearings 7%

. Cylindrical roller
\\ bearings 3%
» Angular contact

bull bearings 209

of types

FAG turnover

Deep groove ball bearings 710

Remainder
l)(l“

"+ Needle roller
bearings 10

Cylindrical roller
bearings 6%

Angular contact ball bearings 4%

In addition, new rolling bearing capa-
cities are being created in the developing
countries; these capacities, initially in-
tended to cover national needs, will be-
come available for export once the
required level of quality in the inter-
national market has been achieved. If de-

4: Development in prices/inflation rate in

mand declines due to general economic
conditions, or if previously supplied areas
of demand are excluded by protectionist
trade measures in individual regions or
countries, the affected rolling bearing
manufacturers usually respond by retar-
geting their products, thus enabling
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under-utilized capacities to be filled by
“newly opened markets.” This struggle for
market shares has been conducted in
Europe, and especially in the Federal
Republic, between previously leading
national manufacturers and Japanese
manufacturers entering into this market
for the first time.

This extreme competitive pressure has
led across the world (see Figure 4) and in
the Federal Republic to a drastic decline
in prices. As shown by the graph, price
increases as of 1983 fell increasingly be-
hind the rate of inflation. 1987 even saw
a reduction in prices, with the result that
today prices for some large-series items
have fallen below their 1982 levels. Japa-
nese suppliers in the sixties and seventies
benefited from favorable cost conditions
as the result of local advantages vis-a-vis
European and American manufacturers.
In addition there were also violations of
the GATT rules, violations which were
met in the end by corresponding resolu-
tions on dumping from the EC Commis-
sion. During this period FAG succeeded
in maintaining its position by means of a
consistent program of rationalization, in-
creases in productivity, and further deve-
lopment of product quality in the hotly
contested market for electrical engineer-
ing products. Nonetheless, there was no
preventing the Japanese suppliers in this
field from achieving a present market
share of approx. 30%. It is evident, how-
ever, that Japanese suppliers no longer
enjoy local advantages to the same extent
as in the sixties and seventies. A compari-
son of earnings from the balance sheets
of Japanese and European suppliers
shows clearly that both groups have ex-
perienced declines in production results
in recent years. In addition to external
factors (such as currency fluctuations),
the highly unsatisfactory price develop-
ment in the area of large series produc-
tion has been a definite factor here. Such
considerations do not and should not
preclude the possibility of peaceful
coexistence among individual rolling
bearing suppliers.

It is my belief, however, that the pres-
ent cost situation does not allow any of
the established rolling bearing manufac-
turers latitude for obtaining substantially



larger shares of the market without the
risk of permanent damage to company
earnings.

The electrical engineering industry is
development-intensive. [t is this conside-
ration in particular which has provided
the primary motivation for this confer-
ence. Most notably the deep groove ball
bearing, which is so widely used in the
electrical engineering industry, has expe-
rienced substandal improvements in per-
formance data, for example in respect to
noise behavior and sealing action. A

radial deep groove ball bearing meeting
all of the requirements of the electric
motor industry 10 years ago would be
unsaleable today. Knowledge of the steps
which remain to be taken for utilization
of these improved performance data for
rolling bearings in mounted conditions
have been worked out in close coopera-
tion between FAG and our customers.
The effect of lubrication in respect to the
dimensioning and service life of rolling
bearings and to their noise and sealing
behavior is today calculable on a wide ba-

sis. This improvement in performance
data and knowledge is only possible in
close cooperation between the bearing
manufacturer and the user of rolling
bearings in high-quality equipment and
plants.

We are convinced that our capability
for further development is a necessary
precondition for the future competitive-
ness of FAG as a partner of the electrical
engineering industry.
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The Dimensioning and Service Life of Rolling Bearings in Flectric Machines

and Office Equipment
W. Stocklein

Requirements and Further
Developments

In recent years the electrical machine
and office equipment industries have
created many new developments for a
broad range of applications in the form
of new motors and adapted designs. The
electric motor, whether in series manufac-
ture or in specially designed variants,
plays a central role by meeting an extre-
mely wide variety of requirements in a
large number of drive systems.

Today more than ever it is the eco-
nomic efficiency of the overall design
conception that stands in the fore-
ground. Depending on the application,
electric machines have either been re-
duced in size or enabled to produce
higher levels of performance in the same
volume (Figure 1).

The ongoing improvement of power/
weight ratios simultaneously raised the
requirements on individual components,
including the heat resistance of insula-
tion materials or the low noise levels of
rolling bearings. In the area of rolling
bearings, factors including increased effi-
ciency, practically oriented calculation
methods, further developments in lubri-
cants, and low-maintenance designs have
contributed substantially to the high per-
formance level of modern electric
machines and office equipment.

The trend toward automation and the
need for reduced costs in all areas have
placed the manufacturers of electric
machines under increasing pressure to
come up with designs marked by long life
and easy maintenance. Shorter working
times for human beings lead to longer
operating periods for the machines. In
the Federal Republic of Germany ma-
chine plants are already in operation for
an average of 61 hours per week —in
some areas, such as the textile and paper
industries, for 80 hours and more. This
fact alone means high requirements on
the reliability and service life of drive sys-
tems and electric motors. These general
requirements have a direct impact on the
bearings of the electric machines, for it is
the bearings which are largely responsible
for the reliability and operational readi-
ness of the entire plant.
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1: Development of the power/weight ratio of three-phase current motors
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New motor designs with small dimen-
sions and high performance do not ne-
cessarily have to result in unfavorable
conditions for rolling bearings. In the ra-
pidly growing market for servodrives, for
example, the transition from the direct
current motor to the three-phase current
motor can reduce the heat loads on the
bearings and on the lubricant in particu-
lar, despite the fact that the three-phase
current motor has substantially lower
space requirements with equal or higher

performance. Lubricant heating is known
to have a large influence on bearing life.
This example shows that high require-
ments on speed performance, heat resis-
tance, running behavior, operating relia-
bility, and life can also be met economi-
cally with smaller rolling bearings. Natu-
rally specific environmental conditions,
sealing requirements, mounting condi-
tions, and areas of use must also be taken
mnto account during bearing design.

2: Requirements and design criteria for the dimensioning of rolling bearing

arrangements for electric machines

Requirements

Areas of influence on the selection of bearings
for electric machines

Design criteria

Adequate service life
Low noise levels
Loadability

Low weight
Economic efficiency
Precise shaft guidance

Low power losses

Bearing type
Load-carrying capability
Speed

Guidance

Lubrication

Sealings

Insulation class




Bearing Selection

Bearing selection and design require
the most precise possible knowledge of
all influences to which the bearings will
be exposed in operation; Figure 2 shows
the most important factors of relevance
here.

In most cases the minimum bearing
diameter is already given for the machine
designer by the required shaft diameter at
the bearing seat. This measurement is de-
rived from the required strength and ni-
gidity, or, in the case of standard motors,
from the set diameter of the shaft end.
Beyond this only the usual standard data
such as motor output, speed or speed
range, and the weights of the rotating
parts will generally be known at first. Be-
cause the actual output forces are usually
not available, the admissible maximum
values usually provided in the motor ca-
talogues are given for this.

The most economical solution under
these conditions is usually a grease-lubri-
cated rolling bearing; a sliding bearing
may also prove effective in threshold
areas, in miniature motors, or certain
large machines.

Dimensioning and Life of Rolling
Bearings

The trend in machine construction to-
ward smaller mounting spaces has also
led to increasingly efficient and thus
smaller rolling bearings for electric
machines as well. The rolling bearing di-
mensioning procedure according to DIN
ISO 281 has provided a basis for changes
in the design guidelines for a number of
applications over the years. A decision
frequently has to be made whether a rol-
ling bearing which is smaller in diameter
or cross-section can be mounted in each
concrete mounting case, or whether in-
creased safety in the form of longer life is
to be preferred.

Performance-Oriented Design

The main bearing types used in the
construction of electric machines are

deep groove ball bearings; angular con-
tact ball bearings and cylindrical roller
bearings are also used.

The basis of bearing selection is the
standard life calculation, which assumes
material fatigue as the cause of failure.
This calculation procedure, according to

formance is already known.

3: Load rating calculation and life exponents

Load P

C=f.-(icosa)’” -z

C p
L= (F)

Applies for example to radial ball bearings at d,, <25.4 mm

Ly = nominal life
in 108 revolutions

Wit

s

C = dynamic radial

load rating (kN)

P = dynamic equivalent
load [kN]

d, = ball diameter [mm]

= 3 for ball bearings

LifeL1g —e

P
_ 10 ) .
p =3 for roller bearings

4: Fatigue life calculation per DIN ISO 281, life in hours and index of dynamic

stressing f

fL=]

Nominal life in 10¢ revolutions

e (§)

Nominal life in hours

c\" 106
L“‘(F) “a-go 1

Index of dynamic stressing i

P

szfn'

=1ke)

n = operating speed [min!]
r /Ly f,, = speed factor
500 C = dynamic load rating [kIN]
P = dynamic equivalent load [kN]

DINISO 281 and based on the publica-
tions of rolling bearing manufacturers,
has proven effective in practice. The user
employs it primarily as a comparative cal-
culation with bearings which have already
been designed and whose operating per-










































































































































































































